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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high-precision 
air-fuel ratio control device having a good transient 
response characteristic in particular even if there is a 
lag of an air-fuel ratio sensor and the sticking of fuel 
in an internal combustion engine. 

SOLUTION: The cylinder air-fuel ratio is calculated 
based on the engine data acquired in advance, and an 
NN12 receives the fuel injection quantity including the 
past value and the air quantity estimation information 
such as suction pressure and outputs the calculated 
cylinder air-fuel ratio for learning. The difference 
between the cylinder air-fuel ratio estimated by the 
NN12 based on the information such as the momently 
changing fuel injection quantity and the target air-fuel 
ratio is divided by the coefficient obtained by 
partially differentiating the output of the NN12 with 
the fuel injection quantity, and the fuel correction 
quantity for correcting the cylinder air-fuel ratio to 
the target air-fuel ratio is obtained. The fuel 
injection quantity is corrected with this correction 
quantity to obtain the final fuel injection quantity. 



target air-fuel ratio, and the air-fuel ratio with 
exhaust gas is controlled at the target air-fuel ratio. 
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e, f J4Wf*JkfiDWfc-e*-BOTjE*^f4a (k) ? b 
(k) (Bcfc 3 KIB^^T 0*t)^t)^t<t 

X(k)=d • gf (k) + (a • c-b • d)gf 

[0 0 6 5] LPF^fi^b (S2) ^#5o 
[0 0 6 6 ] 

A/F(k*n)=r 
[0 0 6 7 ] 



f , a i r 



■ Y(k)4 0 • A/F(k+n-l) * « • 2 
(S2) ©«MM*n?'&LT (S3) 



So 



[0 0 6 8] 
[S3] 

A/F<k)=f 



Y(k-n)4e 



A/F(k-l) 
X(k-n+l)=d 
X(k-n+2)=d 



■ • i£3 

gf (k-n + DKa • c-b 
gf (k-nf*)+(a • c-b 



Z>tz&\Z. (k) t«l/|»ftLTELT^*. 
[0 0 6 2] £T, 0 5tC&tt£A°^*--;*£jt t S£, 

(k) t^X^«SitA/F (k) 0, ftS<£>/\° 

So sftftS**!©/^*--^*. a, c, air, f £ 

f^b*i6bn^^bTS^o a, c, f\ air<£>4 
0£>/\°^;* — ^£g f tA/FCO^— 

S 0 -td^ a (k) , c (k) , f (k) , a i r 
(k) P#£iJkJC£5ttSa, c, f\ a i rT^j: 
<, ^JkTX (k) , Y (k) , A/F (k + n) £ 

a i rte^GDa, c, f\ a i r <£^li!i¥i3L7cM chW 
AS e £<0£«KS^#HffS*Wtti'r*o 
[0 0 6 3] S-f, ^tt*^;UcJ;D (Si) 

So 

[0 0 6 4] 
Hfcl] 

(k-l)+b • X(k-l) • - - 5£ 1 

[0 0 6 9] £fz, X, Y. a i r©S8«IJ K4) T 

[0 0 7 0] 
[R4] 

X(k-n)=air/Y(k-n) • • ■ i£ 4 

[0 0 7 1 ] (SI) t. (S2) C0P#^J^JH^ 

•re-rcit^iD, (S5) (S6) £f#s Q 

[0 0 7 2] 
C*5] 

• (l)gf(k-n) + b - X(k-n) 

• d)gf (k- n+l)+b - X(k-rHi) 



X(k-2)=d - gf(k-2)+(a ■ c-b • d) K r(k-:i)+b • X(k-3) 
X(k-l)=d - gr(k v O Ma • c-b • rl)gf<k-2) + b . X(k-2) 
X(k)=d - gf(k)4( n ■ c-b • d)Rf(k-l)tb - X(k-l) - - 

A/F (k) , A 



[0 0 7 3] 

me] 

A/F(k+l)=f • Y(k-n+l)*e ■ A/FCk) 
A/F(k+2)=f • Y(k-n+Z)+e • A/F(k+J) 
A/F(k+3)=f • Y(k-n+3)+c • A/F(k+2) 

A/F(k+n-lW • Y(k-I)+e • A/F(k+n-2) 
A/F(kfn)=f ■ Y(k)+c» • A/F(kfn-1) • • • # 6 
[0 0 7 4] ^tlb (S5) fccfctf (S6) COS^T, 



-AS 

F (k- 1) fit, g f (k) , 
gf ( k - 1 ) , • • • g f (k-n + 1) , gf (k 
-n) IM^n^r- ^ft^TS^TftSo a. 
c' f, ai r iZlRCDm&WLjtT&tis b, d, e^S 
-f^Ltb^nZo ^b(C, (S3) i;DY (k-n) 
zbZn, fit, (S4) J:DX (k-n) ffijfctb*>n 

So 

[0 0 7 5] ^CtC. X (k-n) & (S5) trf^AL 
T, tiCk* X (k-n+1) , X (k-n + 2) , 

•X (k-1) , X (k) ^*i6So ^n^r, (S4) 
^M6-f6LfciSffl^T, Y (k-n+1) , Y 



(9) 



ftffl^S - 8 8 6 8 5 



(k-n + 2) , • • • y (k-1) , Y (k) 
So ^oLX^TcY (k) <hA/F (k) £ (^6) 
\ZiXXLX. MB*, A/F (k+1) , A/F (k + 
2) , • • -A/F (k + n-1) . A/F (k + n) 

[0 0 7 6 ] *i6fcA/F (k + n) HSK^ftfcA/ 
F (k + n) cktt— abTliSi:ttlS6*:Vi 0 *ntt, 
IS^bfca, c, f. a i r CDffi**<E<B«rt?, iEL^ 
a, c, f. a i r <DfflTte&^**&T&£. 
#»fcA/F (k + n) «t«5£LjfcA/F (k + n) £ 

®4t**»/Wca:*a, c , f, a i r 
56^o ITtfHft^^^iiriSUfcX^Y^A/FSrJIH* 
5Ks6Tl$#, *#&nfcA/F (k + n) iiffl'J^^nfc 
A/F (k + n) CDl6©il8»*S*«)*«-J|CSCT»«. 
a/c, f, a i r £*#>S7c#>t;:. yy^l/^^XS 

T&So ^©iin»4, Agf iAA/F0fflIffliit 
«rM-»LfciB*-?>A/FH3(*-r*g f©7ry?*S* 
6€»Isie»C^*3frtSnS:*«)fc. 2 0 0 0 rpm(OS^ 
Iil2t*0, 3 0 0 0 rpmO«^115^o&. 
[0 0 7 7] «£*<oa*^*Lfc«FlB¥3 -2 3 5 7 2 

n <£>« Jci; o T£l7 h U ^ X S ***ffc L 0 , 

[0 0 7 8] 4^|X>y/WD7hiHSaft$ 
B6C^to B6SB2 0 0 0 rpmT, X>S?> h;i/ 
fc^-^SflEfflCfc. *WiTDC"(?8iBIfiftW 

T$>£ 0 gf^-£^«Il«i:fia, c, f*± 

2 -fe oT43D, O2 -fe>-y*S:fiefflbfcP I FB^ 

feA/F^SlLTl/^o fc^^ -tn^JKUTg 
ffeintl^o H7©««ttH6tRIi;TDCTKtt 

[0079] Hstctt, ^rcm^m^mttY tm 7 \z 

Tjk Lfc#^Xffi«Jt A/ F t £0fffB L 

"T. «iBTDC, «<*«^«JtT*0, Yifi^». A 
/F^it^^o YI:»LTA/F*U3TDC»I 



SttJt Y £if ^Tt* -5 £ <h IZtji*. 
[0 0 8 0] ^ffifalZffiA^Z>Qm.m j Pm&W;m%:&:7£ 

Tim »««EA£fK*<!:ffll8a*iB < &**nfcfiQ: Sfc 

»UT#fcfc«««tAffi»*a i r^to «W*ttTD 
CX% Wpb, jfctt**a i rT&^o *SE«3Ji^T 

So 

[0 0 8 1 ] BTSttLTHfc:^**, "6&*lCXPy 

j&w^offlsi^K^^ttarA^ofco i^u pbt 
<ha i r <DmM*mnz>Bsmfti&$>z>a mz* i ric*t 

y>;««ftif*6a i r <hffiM^^1tfg^{t0 ffl 
[0 0 8 2] fttlKSEAilRfiax&flt^-rsW*^ 

So WilT^^a, b, c, d**8Efc]-e&£>®'& 
tC, a*©Wp*Jk-m (m>0) T<D«««7J»PH»X 
(k-m) <h^^Jk-m^ePS^Jk^*X?CDg f CDfflg f 
(k-m) f (k) *«to*^ntf, X (k) Srft^T 
SCch^T^So U**U i&^<£>X (k-m) ttSJ^T 

S§iJ^tea*b* *cT£>D> a, b, cli4T0-l 

jfi-^< ££*>e>T*5o 2 0 0 0 r pmA^ 3 0 

OOrpm^r-^iDibn/ia, c <03fi^to-& 3 

Tim&Dxnmisfrt^z. m=5x$t%<Dmm\zw& 

Z>-ttftDfr-Dfz 0 i^t, x (k) o»Si:llg f 
(k-5) ^€>g f .(k) 

[0 0 8 3] ^^cfc^CLT, NNOAW^L, 



1 



(10) 



9-8 8 6 8 5 



d — 5 © c p u x*mi¥ £ aft. 

[0 0 8 4] B+MlCO^TMnTi3<„ NN 

©*■*•$-* »JfB»*jfi< LS<. ^JtW&ffl- 

i^ffiS^Pa^S-eciL^T^o NNF*3gB©ft*Tfi3 

in p B ie ©a*j©i&$:. rprnmcoz/tf^^ km&. m 

[0 0 8 5] L^U ®JftfMfSOT«-&te: 1 lU©|Wl/tlC 5 

[0 0 8 6] WZ, **W©»*«4»C»*-r**JfiCD 

Jt*l^g©ftiJffliyayi7|gi?a&-5. 1211 Ot 

mi <fc©Sft: 121 1 ©— 5£ffi©ft*5 OIC 1 T D C 

wiOMWg.Mmg f (k- 1) ^fflWtfx^ffc 

-So 

[0 0 8 7] NN 101 te#it&J£ISgcT&.5©-p» NN 

tt. «MfflHtai**li<6:S?rgett**»»3, gf (k) ts 
f (k-1) i©jsttJt«W/h*^»<t^'5'tt*SrWfflL 

TNN 1 0 1 ©*}£«« £ Jitf it *>©-*?<& -5. 
[0 0 8 8] ^-CDteCDl/j^MSlC-p^TtiBU^Lfcrt 

^i:|W|i;-rfe-5„ $ e.(Cl*-r-5^6tt*. NN10 1© 

A*©g f (k) tgf (k-1) (r««(C|W|i;ffi^A 

R81 Jl £ 43 £ £t 5 £ <h K ck 0 . NN10 1WA^J<& 

M?.LT. C P U©M* fiMtS u i^Tf 5. 
[0 0 8 9] **wo»*?i5fc»*fi:-r*^ifi© 
»ffiS*T^jl!RJta«»SIH:o^Tgft^-r*. El 1 1 

gf(k) • d(k)+»(k) • c(k) 



[oo9o] la i i ic*3^t«. &^mMmtamii u 

T, HIO— 3£«SrHl 0©g f (k-1) 

fcfecT^s. 01 ©^ic jtLxraiai o ©s^Tjze 
^<fcss-rigett*issc<t*^^s. @ii© 

^T«. g f ^fi^(C«*JMT^^C^fc«6. *>-r 
[0 0 9 1] ioT. Ill ©^SSrUffl-ffc-f ZtztblZ 

itgiz&oifemmmmrffrts. mzm 

[0 0 9 2] fni:^LT, H 1 1 ©^Tti. S3®© 
©T. fWfflUt— •7<D5£WL2A.ti.»n\X. WimZ&feT°& 

[0 0 9 3] mz. *»WOW*«6lC^-r**Jfi© 

»S8**-r2s*Rjtfti»s«fc^i»Tijiwrs. 12112 

-f)UH\ NN12 1©AAIJpb (k) tn£<D&§5.&m 
Jg««t6Ef (k-1) tt^©ia*©«8»*l**T?* 
S„ NN 1 2 1 ©tH^tt*^^4*»ST*D, 
•€-©£i;^lHl©^Wg#tS<!:T-5. NN 1 2 1 ©fgjtte 
B4TjpUftfeOiHft60. ^•(Hl©»4' i a#»g f 
(k) #fc<. A*»©««t*«lfi«oTl HH<fcfc 

Iflgf (k) iftotl^. uONN12 1©¥S* 
[0 0 9 4] EI 1 3ttB5©3-&«tttt*F;*:*j-XA* 

«LAc^#^5 ::; ;^g|55^•*tfe^^BL.Acfe©T\ $etc 

a, bfeiflC (k) ©-T>T : ->'i7X*O^TIEfitIC^ 
0©+T\ w (k) ttK»#»«T?»*. £ 
©H«k0, «7) <hLT^©gHfC*^te»n-5. 

[0 0 9 5] 

[*7] ■ 

=X(k) 



X(k)-gf(k) • d(k) 



.\l(k) = 

c(k) 

[0096] gftg&n i , §h*ji 2 , m &m 3 tc^rs 
mffinMm&^T&m&mwmwiizjs^Tmw Lfc«t 5 



it 7 



Jr. Stff^— ^K&tfSB^aiRWc (k) . d 

(k) . x (k) imenTusotf, «7) «fc 



i 



(11) 
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o. m*m*<n™ (k)' tf**sns ujtf. w*«*je> [0097] 
tommz (a 8) T?ssn^>„ 

air(k) 

Y(k)= 

X(k) 

air(k) 

= • • • & 8 

gf (k) • d(k)+v(k) • c(k) 

[0 0 9 8] <%\ SS«!**«W»g f m (k) »*. 

•So affliC^o«> Kf^ijktciiiiT. ^comommz 10099] 

(5£8) ©Y (k) SrYYt&^T (5£9) £ 

air(k) 

YY= ■ 

- gfm(k) • d(k)+w(k) «c(k) 

1 / ai r(k) v 

.-.gfn(k)= I w(k) • c(k)J • • • 5^9 

d(k) v YY 

[0 10 0] Z. 3 LT, H««S^i«W»g f mtfjft&ib 

[0101] autt, *mwv>m Mm 7 iz^m-rzm 

•5=011 tmx^ztf. m&z&iz. nn 1 4 1 com 
t}-v$>^m^Wi^mit<oistfmm^^m.-DX^^ z. t 

[0 10 2] Sif^iLTttP I DHffllfflD W)ft 

^CD^tt*#AS<t l*SlTafe5^***S. Z. 
<D%k\Z&i12>i&m$L<®&.\ZmisT\Z. NN 1 4 1 ItM^ 

[0 10 3] ^IC. 8 te»*T«*tti©. 

mm&m-r&mttmfflmmiz-i^Tmw-tz. 015 
«> ^eg<7)if3}<«8(cM^-r^*ssoD^ifi**-r^ 

JfclHWSS©«K<0tt«:/ny^BT?»s. 0K 01 

o, 01 2xnm2nzmmm&m&&* j t<D3i&mm 
mmmmmtLu^-c\ mi soNNfommmz^-oT 

3l*jrr*. ^-©^# (£*T. »**8*H«iE*t#«K) 
teffsiJfEgHtiUTW'J 5 1 5 l^X-f-y^l 5 2 £ 
ID. St/**«W«lt«tllPj|t$nT, J8t©«**«m 

«S#»1«IEfite«(3:0T&3. XDy Huasst 



[0104]^. fBJ^^WVISTNN^SftWjf^^je 

- bfc«^, a*«S»»iE*j&* o «fc D;*:^ < a>tt«h& 

£ffiltT?#3. 
[0.1 0 5] fcfcfctf, US-y^l 5 lj&tfc^X-fy^ 

i 5 2rfoN<Dwm-vmfflmm&isz.t^K ^m^mx- 
m*mmffiiE&tfii/oum&iiz>fr : & ; E—?-rz>o tco 

ffi©g* • ft/Mt*>6 U 57^15 1 ©JiRBtTK^^ 

[0 10 6] **«8»»]EadJ**fBH (T 

■|5fliA^±|SB«©ieH) *jBAfc&6tf, -^©-kKffi- 

actui<45. sfc. z.(Dffimz$>z>— i&zm&Lt 

y^i 5 2 &OF f izLrNN^zm^-fizm^-BMrn. 
mm^-vmmmmmMm & » ?rr z>£?\zl,t$>£ 
\,\ ine©s»ffflft#e*i7;^'JXAH mis 

[0 10 7) $&. HI 2 ©WW* £01 5«a*^b 
015 <&m*-&*3-B-fc^0*0 1 7 tC^-To 0177? 

T*ttiia*a<fcn. -t-na. 01 1 £*><t 



(12) 



^¥9 -8 8 6 8 5 



[0108] vk\z. *mwm%im$\zttfo*tz>mMv> 
mm^^mitmmmmiz^xmmr^o mis 

itmmms<Dmm(Dmm^ayi7mx-$>^o commit 

mfflgiWte. 01 5©'J$7^ 1 5 lWyf 1 5 2 

trai;«m»cHPF- (*«»ifi:7>f i 8 is#a 

[0 10 9] "T\ n.U~ >&U.%hZ><, 01 

frjfc&ZtlX^U^CDX, "rTK^SLfeNN 1 9 1 £: 
[0 1 1 0 ] 02 0^>5il/-'>3>t#B?«5, 

JtSrSMrT*. *&***m*l**4:LT, (Oz 

fc 0 HPF2 0 2CDB?^j:3 0TDC(!:U [91ER» 
2 0 0 0 r pmT$>^)o 

[o i i i] 02 itc«8»«#t*©«i»sr^-r. jt^-r 

l^3(C5 0 0 TDCST©iBl$:JE^LT^LT^ 
—>3>1&3kX&Z>o iiHTDC, ««ttjE*ffcLT 

[0 1 1 2] 02 2*c»1»rt^«SH:©Jt«j|S**^'r. 

» £ D ££5Jt Q'b2<tji~oX\,*2><Difit> 
,[0 113] ^P$(Cte^it^¥^<?: IT 1 3 . 5i 

13. 5ifija(C«0^< Difftltl^o Cin^HPF 
^Sft^TfcSo NN©fflfBW*3 0TDCW±Wo< 0 

2 0 0TDCWSTXD7hJ^l^ 8 2 0 TDCT 
[0 114] S&aiLfccfc^^Sffl^-^tt, i&zgtt 



DC#tt(i*0M^I^tfA^o ii8 0 0TDC 
fcNN0D CfiS^I \,*fztf>X\ mm<DJL>zy>X\tm 
[0 115] fiUKBJz^K:, £<0fWffl8rCtt, DC«M4 

[o i 1 6] 02 3\z. ^mmcom^mi o\zttfo-?z> 

04^NN$JfP§§2 3 1 ^n*T©*HfiO!)»|| 

c: t ttT # « iR^^fc^fiflc/x 5 ^ * tc H n <t i >e> 

(D4#14^NN$iJffl)g§2 3 1 Cfllt^l^feOM 
[0 117] 04 3 <£>P I DfMfPgg2 3 3li*t)iFB;i/ 

1 (CckOBfc#$nTl^©-e, P I Dffrjffll§§2 3 3\Z1& 

[oils] m&m$\znm^&mm<DMm*ttQm 

Jt«»3£fiTtt, HPF©*7ht7tLT30TDC 

mmf$Ltt\znL>x¥^ >&*>x\x&^t.nz> ^t\zn 

i^LT^J±ir>1*CDK^ 0 
STDCft^tOT, ffl»i^3 OTDCJKJi<7)JliKi»J5E 

[0 1 1 9] 0 2 4»4SU©^M©»!BT»r), x>>?> 

2 4 l^«»SnS*«F«R»«lt*tC»LTFBS*Ht 
S^ffiT*?)* #*y?te02 3£mCX$>Z>o El 
2 4<DNN«ffil§§2 4 2 fcA*SnT^***«»«» 

[0120] *«{^ m 1 Kcfc 0 , W*ffl»C!>fi.Bf TSB'* 

[0121] 
[Stl] 



(13) 
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M 9* 


s f 




A/F 




P b 




n e 


19 fee ft 


t h 


^ a v h JUS1I2 


EGR 




T A 




TW 




a 




c 




f 


L P Pffft 


w 




n 


SSmt-lr^copttS'T D C-CjESMt U fcfcw 


g f m 




a i r 




X 


&fl&#£A«mm 


Y 


& ft ft g Kit 


Y Y 




NN 




F F 




F B 


7 ^ _ (,* y ^ 


T D C j 






* .' i J j c )?j ?? /j > -c ^> ^ t « n p r 3 




i* lc ft A- »R It -fcr > « Ui ^ 



34 1 

[0122] 

[0123] s/t. ffl««»c*»t*7 r 5>hrasm-»: 

-C. i»^l§fi*S<f •SX**U^<. li^CPUS: 
[0 12 4] W#«4K:|E*S©38W;:J:*1.K, 



1. 8»*«2, »*J@3K8E«©5Si«ttt>K. S*«S 
[0 12 5] M#«5Kffi«©3BiJliK:<kn«. If*«4 

[0 12 6] Sfc. »*«4»-83«©«Wrtt. 

[0 12 7] W*«6t:E*©3BWt-J:ntf. If*^ 

i, m#h-2. w*B3. m*«4. $mm5\z$mcD 



(14) ftm¥-9-& 8 6 8 5 



[0128] m*^8»ce*©3E^»c«tntf. gafg&'p 

[0 12 9] Sfc, HftiJ^fCT?^— Za-7M7 h 
[0 13 0] »*3B9t:lB«S©3BMtr«tn«. It*^7 
[ 0 13 1] Mjjtgl 0 ir|g«£(058B^tr c kntt". 

ik^mwn? v*tz Eiz^-o Tf£3ztz>&mtt<D*7-t 

[0 13 2] igJtifi&L A F-fe >•»*--?&< . 

[0ffi©flMiftiK9§] 

[Hl]*S5«©iil*Sl, 2, 3 <Dmffi<Z>MWi<DQM 

[02] mmmvMmiz&vzytj h^-ocrwh 

[0 3] l^*igO^(C*5tt-5*«S§©^[«K0 
[04] -raSUfiW^ffiK^WSNNOWriEH 

[0 5] ra*i6IS©jg»»c*tJ*x>s?^*5 i ;i/©«lj«BI 
[0 6] ra*«S©»!BtC*lt*j|R«EM<f»*0!)RWH 

[07 ] mmm<DBmizi$\,>xM?z.2n?zmtf7>&M]t 
I&9!0 

[09] mni&<ommz&»*#.ssE.iinmisiiL&%.m 



[010] *^BJ©lf*^4©HS£©®^©^i:b$iJ^ 

[011] *fgB^©IS5f<^ 5 ©g|SS©Jg^©^Mi:b$iJffll 
|gg©ftiJt3|>'*D^^0 

[012] *&w<DffijRm6<Dmm<Dmm<DQMitMm 

[013] ra*M©»lBlc*W**8f^##^*xXA© 

[014] *mw<Dffi3ftm 7 (DmmommoQmitmm 

[015] &&w<Dm?im8<Dmm<Dmm(DQmitMffl 
3&w.(Dm.mfomyn y z> m 
[0i6] m^m<nKm\z&tf%±wmm-Ju V 9m 

[017] |W|^©»®(c*3^^SiJ©^:#:$iJtaf 7a y 5 

0 

[018] *5£W(DmJ}m 9 ©*SS©^©^*!SitSiJffll 

S»0>«BSfliHf :7*D y *0 
[019] I^*Jg©^lifZ*5Jt-5^#:ftiJ?WyPy^0 
[02 0] |s|^SS©^(C*i^^>-5iI/-->3 

0 

[02 1] l^^©^«iiC*5^^.^' 1 i#t»©RHJ0 

[022] mmffi<nMm\z&i?2>%.®ft&ffi l tt<Dtstmm 
[023] *^Bj©it3i<^ i o v>mffi<DMm<D&mttffl 

[02 4] I^SIM©^t*3tt^)S'J©i«iW7 r D>v^0 
[02 5] |W|*JS©^{C*3W5$ 6tCgiJ©$iJ^yp-y 

i70 

[^^•©SftBJ] 

1 1 U-f =y-i > 

12, 10 1, 121, 141, 191, 201 N 
N 

3 1 ffiffigg 

15 1 U 5 -y^ 

152 X-T-y^ 

181, 202 HPF 

2 3 1, 2 4 2, 2 5 1 NNfUiJflfgg 
2 3 3 PI DfMffl)§§ 



[02] 
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